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WING LOADS AND LOAD DISTRIBUTIONS THROUGHOUT THE LIFT
RANGE OF THE DOUGLAS X-3 RESEARCH ATRPLANE
AT TRANSONIC SPEEDS
By Earl R. Keener and Gareth H. Jordan

SUMMARY

Wing loads and load distributions were obtained by differential-
pressure measurements between the upper and lower surfaces of the left
wing of the Douglas X-3 research airplane to determine the effects of
angle of attack and Mach number on the wing characteristics at transonic
Mach numbers. The wing has an aspect ratio of 3.09 and a modified L.5-
percent-thick hexagonal section. Data cover the range from near-zero
lift to maximum 1ift and from a Mach number of O0.71 to a Mach number
of 1.15.

The chordwise load distributions and the wing-section aerodynamic
characteristics were similar at each wing station. A large load developed
at the leading edge resulting from the relatively sharp leading edge. At -
Mach numbers below 0.9 separation of the flow from the leading edge
resulted in a loss in leading-edge load and a low maximum 1ift. The maxi-
mum normal-force coefficient of the wing panel was 0.66 at a Mach number
of 0.71 compared to 1.2 at supersonic Mach numbers. Spanwise load distri-
butions were.essentially elliptical throughout the 1ift and Mach number
range tested. Values of normal-force-curve slope ranged from 0.076 per
degree at a Mach number of 0.71 to 0.116 per degree at a Mach number of
1.0. Variation of pitching moment with 1ift was unstable at the lower
Mach numbers, becoming increasingly stable above a Mach number of about
0.9. The chordwise location of the center of pressure varied with angle
of attack between 15- and 30-percent chord at subsonic Mach numbers and
between 31- and 37-percent chord at supersonic Mach numbers. The span-
wise location of the center of pressure was relatively constant with lift
and Mach number at about 42 percent of the panel span. The flight results
are in good agreement with wind-tunnel results at Mach numbers below 0.90
and in fair agreement at Mach numbers of 0.90 and 0.S2. '

Deflecting the leading-edge flap about 7° over & Mach number range
of 0.71 to 0.80 increased the maximum normal-force coefficient about 0.06
and moved the center of pressure rearward at the lower angles of attack
and slightly forward at the higher angles of attack. No change occurred
in the spanwise location of the center of pressure. ,
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INTRODUCTION

Flight tests of the Douglas X-3 research airplane have been con-
ducted at the NACA High-Speed Flight Station at Edwards, Calif., to
explore the subsonic and low supersonic Mach number range with a thin-
winged airplane designed for supersonic speeds. As a part of the flight
test program wing loads and load distributions were obtained to contrib-
ute some general aerodynamic data on this supersonic design. The data
were obtained by differential-pressure measurements between the upper and
lower surfaces of the left wing.

This paper presents an analysis of the effects of angle of attack
and Mach number on the wing loads and the chordwise and spanwise load
distributions over a Mach number range of 0.71 to 1.15. The data cover
the normal range of angle of attack and Mach number of the airplane.
Also included are the preliminary results of the effect of deflecting
the leading-edge flap about 7° at M =~ 0.71, 0.76, and 0.80 throughout
the 1lift range.

Reference 1 presents some preliminary pressure distributions over
the upper and lower surfaces at a midsemispan station of the wing through
an angle-of-attack range at Mach numbers of about 0.61, 0.78, 0.9k,
and 1.10.

SYMBOLS
A aspect ratio, ba/S
b/2 wing semispan
b'/2 wing-panel span, spanwise distance from first row of orifices

(0.301b/2) to wing tip, ft

l 1
Cy' wing-panel normal-force coefficient, L[’ cn_—él— ad %%—
0 ¢ av
CNA airplane normal-force coefficient, Wn/qS
Cy'(s'/s)

ratio of normal force of wing to total airplane normal
CNA force
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Cp' wing-panel bending-moment coefficient about O b'/2,
! o _C 2 g2y
0 Declgy B b!
Cn' wing-panel pitching-moment coefficient about 0.25¢,
cl l 2 '
av ' c d_2y
c' 0 Clav b!
. . - P; = Py
Cp differential pressure coefficient, ———a———
c local wing chord parallel to plane of symmetry, ft
c' mean aerodynamic chord of wing panel,
b'/2
2/s' c2ay', ft
0
clav average chord of wing panel, ft
Cm section pitching-moment coefficient about 0.25c,
1
x\g X
f Cp (0'25 - 'c‘)d 3
0
Cn' section pitching-moment coefficient about line perpendicular

to longitudinal axis of airplane, passing through 0.25C',
cy + 0.50(1 - c'/c)ep

2

cp ' F section pitching-moment parameter

Cav

1
ch section normal-force coefficient, Cp d %
0

Cn< f’ > section normal-load parameter

Cav
g acceleration due to gravity, ft/sec2
k ratio of experimental lift-curve slope to theoretical value

of 2r/B, both taken at the same Mach number
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free-stream Mach number
normal-load factor, g units

local static pressure on lower wing surface, lb/sq ft
local static pressure on upper wing surface, lb/sq ft

free-stream dynamic pressure, 1b/sq ft

total wing area, including area projected through fuselage,
sq ft

area of wing panel (outboard of O b'/2), sq Tt
airplane weight, 1b
chordwise distance rearward of leading edge of local chord, ft

chordwise location of center of pressure of wing section,
(0.25 - cp/cn)100, percent c

chordwise location of center of pressure of wing panel from
leading edge of &', (0.25 - Cp'/Cy')100, percent &'

spanwise distance outboard of Ob'/2, ft

spanwise location of center of pressure of wing panel,
(Cp'[Cy')100, percent b'/2

measured airplane angle of attack, deg

compressibility parameter, Jl - M2

left aileron position, deg

leading-edge flap position, deg

DESCRIPTION OF AIRPLANE AND WING PANEL

Photographs of the airplane are shown in figure 1, and a three-view

drawing presenting the overall dimensions is shown in figure 2. The physi-
cal characteristics of the airplane and wing panel are given in table I.
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The wing has an aspect ratio of 3.09, a taper ratio of 0.39, and
zero incidence, dihedral, and twist. A line through 75-percent local
chords is perpendicular to the plane of symmetry. The wing section is
a 4.5-percent-thick modified hexagonal airfoil with vertices at 30- and
70-percent chord. Modifications to the airfoil consisted of a 188-inch
radius at 30- and 7O-percent chord and a small radius at the leading
and trailing edges as shown in table II.

A drawing of the wing is shown in figure 3. The wing panel consists
of the portion of the left wing outboard of the first streamwise row of
orifices (0.301b/2). All the wing-panel coefficients are based on the
geometric properties of the wing panel included in table I. The leading-
edge flap has a constant streamwise chord of 12.5 inches and extends from
the wing root to the wing tip. Geometric properties of the leading-edge
flap are also included in table I. Two control-actuator fairings are
located on the bottom surface of each wing as shown in figures 2 and 3.

INSTRUMENTATION AND ACCURACY

Standard NACA film-recording instruments were used to record the
wing differential pressures, indicated free-stream static and dynamic
pressures, normal acceleration, angle of attack, angle of sideslip,
aileron position, leading-edge flap position, and rolling and pitching
angular velocities and accelerations. All instruments were correlated
by a common timer.

A pitot-static tube with an NACA type A-6 total-pressure head
(ref. 2) was mounted on a nose boom and the static-pressure error was
determined in flight. The total estimated error in Mach number is within
+0.01. Angle of attack and angle of sideslip were measured by vanes
mounted on the nose boom. The angle of attack indicated by the recorder
is presented in this paper and was measured with respect to the fuselage
reference plane.

Flush-type static-pressure orifices installed in the left wing were
arranged in five streamwise rows. The ordinates of the airfoil section
at each row of orifices are given in table II. The chordwise locations
of the orifices are given in table III. Figure 3 shows the spanwise
locations of the five rows of orifices.

The orifices were connected by tubing through the wing to the manom-
eters in the instrument compartment. Lag in the pressure-recording system
was determined by the method for photographic instruments presented in
reference 3 and was checked in flight by comparing abrupt and gradual
maneuvers. The lag was found to be negligible for the data presented in
this paper; therefore, no lag corrections were applied to the data.
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Accuracies of other pertinent recorded quantities are:

Differential -pressure measurements, P, - Py lb/sq ft ... .. +7

Normal 1083 FACEOT « + « « o e v o o = o o = o o« o o o« o« « « « « 10.05

Bags BB « o e e e oo $0.2

These accuracies resulted in the following estimated probable accu-
racy in some of the coefficients for the Mach number range of 0.70 to 1.15:

-+
Cp v v o v e e e e e e e e e e e e e e e e e e e e e e e 10.02

Cp e o o o o o o 4 e e o h e e e e e e e e e e e e e e e ... 10,03
Cp ¢« ¢ o s o e s e e e e e e e e s e e e e e e ... ... 1001
L O
Cnp 2
+
T -
Cm' o v e e e e e e e e e e e e e e e e e ... t0.02
TESTS

The data presented were obtained from pull-ups and wind-up turns at
Mach numbers from O.71 to 1.15 at an altitude of about 30,000 feet.
Reynolds number based on the mean aerodynamic chord of the wing varied

between 16 X 106 and 26 X 106.
DATA REDUCTION AND PRESENTATION

Automatic datae reduction equipment, utilizing a card punch and a
card program calculator, was used to obtain pressure coefficients from
the data recorded on film. The caelculator also performed the chordwise
and spanwise integrations to obtain the normal-force and pitching-moment
coefficients. The numerical integration was accomplished by means of
parabolic arc approximations to the pressure functions. Comparison of
numerical integrations with mechanical integrations of hand-faired pres-
sure distributions gave excellent agreement.

The pressure coefficients and aerodynamic characteristics obtained
from the wing differential pressure measurements are presented in tables IV
to XIV for the approximate Mach numbers of 0.71, 0.77, 0.83, 0.88, 0.90,
0.92, 0.96, 0.99, 1.01, 1.10, and 1.15. The maneuvers at Mach numbers of
1.10 and 1.15 experienced a decrease in Mach number of about 0.06 from the
given Mach number as the angle of attack increased. The data for the
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other Mach numbers are within 0.0l of the approximate given Mach number,
except for M = 0.71 and 0.83 which are within t0.02 of the given Mach
number. Data for a flap deflection of about T° at Mach numbers of about
0.71, 0.76, and 0.80 are tabulated in tables XV to XVII.

RESULTS AND DISCUSSION

Chordwise Load Distribution

Representative chordwise load distributions selected from the tabu-
lated data are presented as oblique projections in figures 4 to 9. Infor-
mation concerning the upper and lower surface pressure distributions which
result in these load distributions may be obtained from references 1 and 4.

Effect of angle of attack.- In general, the chordwise load distribu-

tions are similar at each wing station. As the angle of attack increased,
an appreciable load quickly developed over the forward 20-percent chord
resulting from the relatively sharp leading edge. At the lower Mach num-
bers tested the load at the leading edge reached a maximum at an angle of
attack below maximum 1ift, at which point the leading-edge load suddenly
decreased. At the higher Mach numbers tested the load at the leading
edge increased until maximum 1ift was reached. According to references 5
and 6, the loss in leading-edge load at the lower Mach numbers resulted
from separation of the flow over the upper surface of the leadlng edge.
These references show that the leading-edge separation is a characteristic
which occurs at Mach numbers less than 0.9 for airfoils with small leading-
edge radii. Reference 7, which presents tuft pictures for an 0.l6-scale
model of the X-3 airplane in the Ames 16-foot high-speed wind tunnel,
reports that at Mach numbers less than 0.8 the flow separated from the
leading edge and progressed rearward to the trailing edge. At Mach num-
bers greater than 0.9 separation on the model began at the trailing edge
and progressed forward.

At the intermediate Mach numbers of 0.83, 0.88, and 0.92 the influ-
ence of shock waves may be seen in the chordwise load distributions. The
shock waves caused an abrupt decrease in load and a down-load near the
trailing edge. At the supersonic Mach numbers the increase in load with
increasing angle of attack was uniform at each chord station, unlike the
subsonic Mach numbers.

Effect of Mach number.- Figure 10 shows the effect of Mach number on
the load distribution over the midsemispan orifice station at a =~ 6°.
Since the chordwise load distributions are similar at all the stations,
figure 10 shows the changes with Mach number that are common to all the
stations at low and moderate angles of attack. At M = 0.71] the chord-
wise loading was trianguiar, with most of the loau occurring over the
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forward 50-percent chord. As the Mach number increased to 1.15, shock
vaves formed over the center of the wing section and moved rearward to
the trailing edge, resulting in a rearward movement of the load.

Leading-edge separation boundary.- The approximate boundary for the
leading-edge flow separation discussed previously was determined for the
X-3 wing by plotting the differential pressure coefficient for the orifice
~closest to the leading edge against angle of attack and by noting the
angle of attack at which Cp ceased to increase. Figure 11 shows repre-

sentative plots at M =~ 0.71, 0.88, and 0.96. At M ~ 0.96 and greater,
there was no clear indication of leading-edge separation below maximum
1ift. In figure 12 the results obtained from the differential pressure
plots are shown for the root, midsemispan, and tip orifice stations. At
M = 0.71 the flow separated first at the midsemispan at o = 4.5° and
spread to the tip and the root as the angle of attack increased to 80,
At M =~ 0.88 +the flow separated first at the tip at a ~ 9° and spread
to the root at a =~ 12.5°. At M =~ 0.92 the flow separated along the
entire leading edge at o = 139, No leading-edge separation was evident
below maximum lift at Mach numbers greater than 0.92,

Wing-Section Aerodynamic Characteristics

The variation with 1ift of the wing-section aerodynamic character-
istics 1s presented in figure 13. Mach number effects are shown in fig-
ure 14 and the effect of spanwise location is shown in figure 15.

Section normal-force coefficient.- Figure 13 shows that the varia-
tion of ¢, with a at each orifice station was essentially linear to

near maximum 1ift for M = 0.71 and 0.77 and for Mach numbers of 0.92
and greater. At the intermediate Mach numbers of 0.83, 0.88, and 0.90,
however, the c¢, curves experienced an increase in slope below c, = 0.5

and were erratic above this value. The chordwise load distributions indi-
cate that the change in slope and erratic behavior of the normal-force
curves resulted from abrupt movements of shock waves over the center por-
tion of the modified hexagonal wing section and from flow separation (near
maximum 1ift) from the leading edge.

At M= 0.71 maximum c¢, varied from about O0.75 at the inboard

stations to 0.58 at the tip. At Mach numbers greater than 1.0, maximum
¢y, was about 0.5 greater than at M =~ 0.71. The low maximum 1lift at

the lower Mach numbers resulted from separation of the flow at the
leading edge, which was discussed previously. This type stall has been
called "thin airfoil stall" in reference 8. 1Included in this reference
are the low-speed characteristics of a modified 4.23-percent-thick
double-wedge airfoil which stalled at a 1lift coefficient of about 0.85,
much lower than the thicker airfoils tested.
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Figure 14(a) shows the variation with Mach number of the section
normal-force coefficient for the midsemispan orifice station at several
angles of attack. The figure shows that c¢, increased rapidly between

M = 0.80 and 0.95, the largest increase occurring at the higher angles
of attack. At a = 12° the increase in ¢, with Mach number was
especially large, since the wing was stalled at Mach numbers less than
about 0.9.

Figure 14(b) shows the variation with Mach number of ¢, curve

slopes for the midsemispan orifice station at o = 3° and 6°. At o = 3°
the slope increased with Mach number from a subsonic value of about 0.08
to a sonic value of about 0.1%, then decreased to about 0.1l1 at M = 1.15.
At o = 6° the slopes were about the same except for the Mach number
region of 0.80 to 0.95 where the slopes increased, resulting in an addi-
tional peak in the curve at M =~ 0.88.

Figure 15 shows that the normal-force characteristics of each wing
section are similar. The section normal-force coefficient was slightly
higher at the midsemispan orifice station than at the root or the tip
stations, and the c¢p curve slopes were about the same except for a

slight decrease at the root orifice station.

Section pitching-moment coefficient.- In general, over the Mach num-

ber range from 0.71 to 0.92 the section pitching-moment coefficient about
the quarter chord had an unstable variation with c, over the lower

cn range (fig. 13). At moderate normal-force coefficients the variation
gradually became stable. The change in slope apparently was caused by the
rearwvard movement of separated flow from the leading edge, which has been
discussed previously. The ¢ curves at each wing section at these Mach

numbers are similar to the low-speed pitching-moment characteristics of

the 4.23-percent-thick modified double-wedge airfoil in reference 8. At
M =~ 0.88, 0.90, and 0.92 the pitching-moment curves are erratic, similar
to the c¢p curves in this region. As the Mach number increased to 1.15

the variation of ¢, with c¢, became stable, except for the low-lift

range at the tip where the variation was unstable at all Mach numbers
tested. The stable (and almost linear) variations at these Mach numbers
resulted from the uniform increase in normal load at each wing section
compared to the nonuniform changes at the lower Mach numbers.

It was reported in reference 1 from preliminary data that during the
maneuver at M =~ 0.94 an unstable break occurred in the cp curve at

cp ~ 0.60 and that the curve became stable again at cp =~ 0.70. Exami-

nation of the more complete data in figure 13(c) reveals that the unstable
break reported in reference 1 was a Mach number effect rather than a 1ift
effect. During the unstable break the Mach number decreased from 0.94 to
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0.92 and as shown in figure 13(c), the level of ¢y changes consider-
ably between Mach numbers from 0.92 to 0.96.

Section center of pressure.- In general, the section center of
pressure moved rearward with increasing normal-force coefficient
(fig. 13). The rearward movement was small for the inboard stations
(below wing stall), but amounted to about LO-percent chord at the tip.

Figure 14(c) includes the effect of Mach number on the section
center of pressure for the midsemispan orifice station at o = 3°, 6°,
9°, and 12©°, In general, between M = 0.85 and 0.95 the section center
of pressure moved rearward, the rearward movement decreasing as the
angle of attack increased. The load distributions in figure 10 show
that the rearward movement of the section center of pressure occurred as
a result of the increase in load over the rear part of the wing section
as the shock waves moved rearward to the tralling edge. Figure 15 shows
that the center-of-pressure movement was simlilar at each wing section,
but that the center of pressure was located about 10 percent farther to
the rear at the root than at the tip.

Spanwise Distributions

Spanwise load distributions.- Spanwise normal-load distributions are

presented in figure 16 for representative Mach numbers and angles of
attack. The shape of the distributions does not change appreciably over
the Mach number and 1ift range tested, except at o = 39 where the load
at the wing tip is consistently low at all Mach numbers presented. The
probable cause of this condition is the control-actuator fairing on the
lower surface near the last orifice station. Wing stall had little effect
on the shape of the distributions. The apparent change in shape in fig-
ure 16(b) at o = 10.1° was caused by excessive aileron deflection.

Comparison of the load distributions at M =~ 0.71 with the theoretl-
cal methods of references 9 and 10 is made in figure 17. The charts in
reference 9 were used to obtain the load distribution for the wing alone,
and the method of reference 10 was used to calculate the wing load in the
presence of the fuselage. In using reference 9 a section lift-curve slope
of 2x per radian was used, resulting in an aspect ratio parameter BA/k
of 2.18. The assumed value of section lift-curve slope is reasonable
according to the data for the modified L4.23-percent-thick double-wedge
airfoil in reference 8. This airfoil had a lift-curve slope of about
0.118 per degree at low speed. Figure 17 is presented to compare the
shape of the distribution with that obtained by theory, therefore the unit
normal-load parameter was plotted for the portion of the distribution over
the wing panel. Included in figure 17 is the portion of an elliptical dis-
tribution for the wing panel.
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At moderate angles of attack (6.2° and 9.6°) the experimental
distributions are nearly elliptical and the method of reference 9, which
neglects the fuselage effects, is adequate in predicting the shape of
the distribution. However, by using the method of reference 10, which
accounts for fuselage effects at these angles, the load increases over
the inboard semispan. Use of this method would cause the bending moment
at the root of the wing to be slightly underestimated. At low 1lift
(¢ = 3.2°) the experimental distribution does not agree with either of
the theoretical methods.

Spanwise pitching-moment distribution.- The spanwise distributions

of pitching moment about 0.25C¢' for representative Mach numbers and
angles of attack are shown in figure 18. At the lower Mach numbers
tested, the pitching moment became more positive at the inboard stations
and more negative at the outboard stations as angle of attack increased.
After leading-edge flow separation occurred, the pitching moment at the
inboard stations quickly decreased. As the Mach number increased to 0.99,
the change in pitching moment at the fuselage decreased to near zero. At
supersonic Mach numbers the pitching moment increased negatively at all
stations as the angle of attack increased.

Wing-Panel Aerodynamic Characteristics

The variation with lift of the wing-panel aerodynamic characteris-
tics is presented in figure 19. The data presented at high angles of
attack were in some cases insufficient to obtain a fairing of CN' with

a, however the variation of CNA with angle of attack was used as a

guide. Mach number effects are shown in figures 20 and 21.

Wing-panel normal-force coefficient.- The maximum normal-force

coefficient of the wing panel was 0.66 at M ~ 0.71 and about 1.2 at
supersonic Mach numbers (fig. 19(a)). Early separation of the flow from
the leading edge was a contributing factor to the low maximum 1lift at
Mach numbers less than 0.9, as discussed previously. The variation of
CN' with o in figure 19(a) was linear except in the transonic region

of M=0.83 to M= 0.92 wvhere, because of the erratic wing-section
behavior, the wing-panel variation was also erratic. At all Mach numbers
tested, zero normal-force coefficlent appears to occur at a positive
angle of attack of from 1° to 2°. This is caused, in part at least, by
the effects of the control-actuator feirings on the lower surface, which
would tend to produce a down load at zero angle of attack.

The variation of Cyi' with Mach number is shown in figure 20(a) at

several angles of attack. The characteristics are similar to the wing
section data. Comparison of Cyx' with CNA in figure 20(a) shows that
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the airplane normal-force coefficient experienced the same variation
with Mach number as was experienced by the wing-panel normal-force
coefficient.

The variation dCy'/da with M (fig. 20(b)) was similar to that

shown for the wing section. At a = 30  the slope was about 0.076 per
degree from M = 0.71L to M = 0.83. Between M = 0.83 and 1.00 the
slope increased to 0.116 per degree, then decreased to 0.100 per degree
at M = 1.15. The experimental slope of 0.076 per degree at M = 0.7l
is higher than the theoretical values of 0.064 per degree from refer-
ence 9 and 0.061 per degree from reference 10. The variation of the
normal-force-curve slope of the airplane was similar to that of the wing
panel.

The contribution of the wing to the total normal force is shown in
figure 21. As the angle of attack increased, the contribution of the
wing decreased. At o = 6° +the wing contributed about 70 percent of the
total normal force throughout the Mach number range presented.

Wing-panel pitching-moment coefficient.- Similar to most unswept
wings, the X-3 wing had an unstable variation of Cp' with Cy' at low
transonic Mach numbers (fig. 19(b)), except at high 1lift where flow sepa-
ration changed the variation from unstable to stable. In the discussion
of the wing-section characteristics, the separation was shown to start on
the upper surface at the leading edge and to move rearward to the trailing
edge. At M = 0.83% to 0.92 the Cp' curves were erratic because of the
erratic wing-section behavior. As the Mach number increased, the wing
became stable as a result of the rearward movement of the shock waves to
the trailing edge.

Wing-panel bending-moment coefficient.- The variation of Cy' with
CN' was essentially linear at all Mach numbers (fig. 19(c)). At
M = 0.83 to 0.92 there was little effect of the erratic wing-section
behavior on the bending moment, which shows that the flow changes
occurring at these Mach numbers were primarily chordwise, not spanwise
changes. The slopes of the Cy' curves are constant with Mach number.

Wing-panel center of pressure.- At M = 0.71 to 0.8% the chordwise
location of the center of pressure (fig. 19(d)) was constant at low 1lift,
but moved rearward after the flow about the leading edge separated. At
M > 0.83 the center of pressure moved rearward with increasing lift.

The variation of the chordwise location with Mach number is shown in
figure 20(c). The center-of-pressure movement of the wing panel was
similar to that of the wing section in that it moved rearward between
M = 0.85 and 0.95, the rearward movement decreasing as the angle of
attack increased.
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The spanwise location of the center of pressure (fig. 19(e)) was
relatively constant with 1ift and Mach number at ebout 42 percent b'/2
at all Mach numbers tested.

Comparison With Wind-Tunnel Data

A comparison of flight data with wind-tunnel results at Mach numbers
from 0.71 to 0.92 is shown in figures 22 to 24. The wind-tunnel data of
reference 4 covered a Mach number range from 0.60 to 0.92, therefore the
comparison is limited to subsonic and transonic speeds. Included in the
comparisons are preliminary flight data from reference 1. Differences
between the present data and preliminary flight data are evident, however
the present data are considered more reliable. The difference in normal-
force coefficient can be explained as resulting from a sparcity of measured
roints along the chord in the preliminary data particularly in the vicinity
of the wing shock, a more refined airspeed calibration, and some discrep-
ancy in the preliminary angle-of-attack measurements.

In general, the wind-tunnel and flight results are in good agreement
below a Mach number of 0.90 and in fair agreement at Mach numbers of 0.90
and 0.92. At Mach numbers of 0.90 and 0.92 the normal-force coefficient
for the wind-tunnel data is lower than that for the flight data over most
of the 1ift range. The chordwise load distributions of figure 22(b) at
M = 0.92 show good agreement in shape and location of the wing shock,
however the differences in level may be associated with differences in
angle of attack between the wind-tunnel and flight measurements. As a
result of these differences, the spanwise load distributions in fig-
ure 24k(b) at M = 0.92 do not agree in level, howevei' the shape of the
distributions would seem to be comparable.

Effect of Leading-Edge Flap Deflection

Preliminary data presented in figure 25 show the effect on the wing-
panel aerodynamic characteristics of deflecting the leading-edge flap an
average of 7° at M = 0.71, 0.76, and 0.80. At M = 0.71 and 0.76 the
deflected flap increased the maximum normal-force coefficient about 0.06
but did not appreciably change the portion of the Cy' curve below

CN' = 0.6. The deflected flap decreased the pitching-moment coefficient

slightly and delayed the break from an unstable to a stable variation to
a higher angle of attack, undoubtedly the result of a delay in leading-
edge separation. Bending moment was unaffected. No change in spanwise
center-of-pressure location occurred, however the chordwise location was
more to the rear at lower angles of attack and slightly farther forward
at higher angles of attack.
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CONCLUDING REMARKS

Wing loads and load distributions were obtained by pressure measure-
ments over the left wing of the Douglas X-3 research airplane. The data
cover the range from near zero lift to maximum 1ift and from a Mach number

of 0.71 to 1.15.

The chordwise load distributions and the wing-section aerodynamic
characteristics were similar at each wing station. A large load devel-
oped at the leading edge resulting from the relatively sharp leading
edge. At Mach numbers below 0.9 separation of the flow from the leading
edge resulted in a loss in leading-edge load and a low maximum 1lift.

The maximum normal-force coefficient of the wing panel was 0.66 at a
Mach number of 0.7l compared to 1.2 at supersonic Mach numbers. Spanwise
load distributions were essentially elliptical throughout the 1ift angd
Mach number range Qested. Values of normal-force-curve slope ranged from
0.076 per degree at a Mach number of 0.71 to 0.116 per degree at a Mach
number of 1.0. Variation of pitching moment with 1lift was unstable at
the lower Mach numbers, becoming increasingly stable above a Mach number
of about 0.9. The chordwise location of the center of pressure varied
with angle of attack between 15- and 30-percent chord at subsonic Mach
numbers and between 31- and 37-percent chord at supersonic Mach numbers.
The spanwise location of the center of pressure was relatively constant
with 1ift and Mach number at about 42 percent of the panel span. The
flight results are in good agreement with wind-tunnel results at Mach
numbers below 0.90 and in fair agreement at Mach numbers of 0.90 and 0.92.

Deflecting the leading-edge flap about 70 over a Mach number range
of 0.71 to 0.80, increased the maximum normal-force coefficient about
0.06 and moved the center of pressure rearward at the lower angles of
attack and slightly forward at the higher angles of attack. No change
occurred in the spanwise location of the center of pressure.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., June 26, 1956.
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TABLE I.- PHYSICAL CHARACTERISTICS OF

Wing:
Adrfoil seetion . . . . . . . . . . ..
Airfoll thickness ratio, percent chord

Total area, sqft................

Span, ft . . . .

Mean aerodynamic chord (vins statiun h 81
Root chord, ft . . . .

‘Tip chord (extended), o ..

Taper ratio . . . . . . . . . .. ...
Aspect ratio . . . . .
Sweep at 0.75 chordline, deg. “ e e
Sweep at leading edge, deg . . . . . .
Sveep at trailing edge, deg . . . . . .
Incidence, deg . . . . . . . . . .. .

Dihedral, Geg - - « « « + « o « « « « «
Geometric twist, deg . . . . . . . ..
Leading-edge flap:
Area (each), sq ft . . P
Span at hinge line (each), ft .
Chord, normel to hinge line, in. . .
Travel, leading edge down, deg . . .

£t), ot

Wing panel (outboard of wing station 3.415 ft):
Area (one panel), sq £t . . . . 4 . . o . 4 ...

Span (one panel)}, ft . . . .

Mean aerodynamic chord (wing station 6 85 ft), ft

Average chord, ft . . . . . + + « « . .

Horizontal tail:
Airfoil section . . . . . . . . . . ..

Adrfoil thickness ratio at root chord, percent chord
Airfoil thickness ratio outboard of station 26, percent

'l‘ota.larea,aqft...........
Span, ft . . . . “ e e e e
Mean aerodynamic chord ft, e e e e e
Root chord, ft . . . .. C e e e e
Tipchordft.............
Taper ratlo . . . . . . . . . .+ . .
Aspect ratio . . . . . . .. ... ..
Sweep &t leading edge, deg . . . . . .
Sweep at trailing edge, deg . . . . . .
Dihedral, deg « . - « « « « o 4 . . . .
Travel:

Leading edge up, deg . . . . . . . .

Leading edge down, deg . . . ..
Hinge-line location, percent root chord

Vertical tail:
Airfoil section . . . . “ e e e
Airfoil thickness ratio, percent chord
Area, sq ft . . . .
Span, (from horizontal tail hj_nge line)
Mean serodynamic chord, ft . PRI
Root chord, ft . . . . .. . ... ..
Tlpchord,ft.............
Taper ratio . . . . . . . . . . ...
Aspect ratio . . . - e e e e e
Sweep at.leading edge deg a e e e e s
Sweep at trailing edge, deg . . . . . .
Rudder: )
Area, rearward of hinge line, sq ft .
Span at hinge lime, ft . . . . . . .
Root chord, ft . . . . . . . . . ..
Tip chord, ft . . . . . . . . . . ..
Travel, deg . . « - .+ « v « « & « o &

Fuselage:
Length including boom, ... ...
Maximum width, ft . . C e e e e e
Maximum height 5
Bese area, sq ft . . . . . . ... ..

Powerplant:
Engines . . f e s s e e e e e e
Rating, each engine~

>

Static sea-level maximum thrust, 1b .

Static sea-level militery thrust, 1b

Airplane weight, lb:
Basic (without fuel, oil, water, pilot)

Total (full fuel, oil, water, no pilot) .

Center-of-gravity location, percent mean aerody'namic chord:

Basgic welght - gear down . . .
Total weight - gear down . . . . . . .
Total weight - gear wp . . . . . . . .

chord .

THE

DOUGLAS

CONFIDENTTAL

X-3 AIRPLANE

NACA RM H56G13

Modified bexagon

k.5

H
58 wor5 BE

coock5o3BESEIY

Modified hexagon

8.01

46.46

Modified hexagon

4.5
23.73
5.59
4.69
6.508
1.93
0.292
1.315
45
9.39

5.441
3.53%

with afterburner

4,850
3,370

16,120
21,900
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TABLE III

CHORDWISE LOCATIONS OF THE STATIC PRESSURE ORIFICES

[Percent locel chord]
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Figure 1.- Photograph of the Douglas X-3 research sirplane.
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Typical wing section

(Modified 4.5-percent-thick hexagonal cirfoll)
<—/ - \—g
\

‘ Theoretical | 858°
03¢ vertices Q7¢c
L 10.58
2 ‘I\\ZB.IG‘ Airplane center line i Z 8.2 !
N ' . N
AY | )
< Y ) '
~ \\ : l'l { 304
S " 075¢ '
> ‘ : 1
) ‘ Fuselage ' A
'_ \/__\ - = - I
0375
> -
I | 11.25
4 —
5 - - - e e
~1.041 = }
~ 417
0,094
orifice row 1 2 3 L 5
Cherd length, ft 8.63 759 6.5L 8.59 Le69
Spanwise location, percent b'/2 (1] 0.251 0.L62 0,673 0,872

Figure 3.- Drawing of the left wing of the Douglas X-3 airplane showing
the spanwise location of the orifice rows. All dimensions are in

feet unless otherwise stated.
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Figure 4.- Chordwise load distributions over the left wing of the X-3 air-
plane at five orifice stations for several values of angle of attack.

M= 0.71.
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Figure 5.- Chordwise load distributions over the left wing of the X-3 air-
plane at five orifice stations for several values of angle of attack.

M =~ 0.83.
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Figure 6.- Chordwise load distributions over the left wing of the X-3 air-
plane at five orifice stations for several values of angle of attack.

M = 0.88.
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Figure 6.- Concluded.
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Figure T.- Chordwise load distributions over the left wing of the X-3 air-

plane at five orifice stations for several values of angle of attack.
M = 0.92.
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Figure 8.- Chordwise load distributions over the left wing of the X-3 air-

plane at five orifice stations for several values of angle of attack.
M = 0.99. -
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Figure 9.- Chordwise load distributions over the left wing of the X-3 air-

plane at five orifice stations for several values of angle of attack.
M= 1.15.
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Figure 10.- Effect of Mach number on the load distribution over the
midsemispan orifice station of the left wing of the X-3 airplane
a =~ 6°.
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Figure 13.- Wing-section aerodynamic characteristics for the five orifice
stations of the wing of the X-3 airplane.
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Figure 13.- Continued.
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Figure 13.- Continued.

CONFIDENTIAL



1162 CONFIDENTIAL NACA RM H56G13

p

5
¥
3

Cn

R

4

a

Q
[e]=)
[na)
00|
DO
ho|
DO
DO|
<O
o
<0
D
[+ ]
™|
&
Y]
o

,
~

o &

o~

oy, N

tcall

558888 ER S

®
o
g
W\&“
T
N
[~
D
q Pt
b0 ODBANDODO

O
74

x
0
8

Ot

<
——
-

B
|

to.

T T T s

g &0 O 0 0 O O 20 40 60 80 100

0 [¢) 0 0 O
fo Mol 77 83 88 90 92 9 99 0l U0 US
"cp- percent ¢

(a) Station 0.673b'/2.

Figure 13.- Continued.
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Figure 13.- Concluded.
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(a) Normal-force coefficient.
Figure 14.- Variation with Mach number of the aerodynamic character-

istics of the midsemispan orifice station (0.462b'/2) of the wing
of the X-3 airplane at several angles of attack.
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Figure 14.- Concluded.
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Figure 15.- Variation with Mach number of the aerodynamic characteristics
of the root, midsemispan, and tip orifice stations of the wing of the
X-3 airplane. o =~ 6°
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Figure 17.- Comparison of spanwise load distributions over the wing of
the X-3 airplane with theory. M = 0.71.
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(a) Normal-force coefficient.
Figure 20.- Variation with Mach number of the aerodynamic characteristics

of the wing of the X-3 airplane at several angles of attack including
a comparison with the airplane characteristics.
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(b) Normal-force-curve slope.

Figure 20.- Continued.
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(c¢) Center of pressure.

Figure 20.- Concluded.

CONFIDENTTAL

.2



182 CONFIDENTIAL NACA RM H56G13

oQ) M= 0TI

) 1 \
CN (s7s) 6 x
C
Np
4
8 )
1 M =088
cN(S7S) g %*KRO
CN :
A
4
o g M= 115
Qo TP% OO R OWNOYe I
Cy'(S79) & - m2ao!
C
Na
4
0] 4 8 a,deq i2 16 20
(a) Variation with angle of attack.
.8
o o1 S o o
T 5T © Oaao
cN(S79) ¢
C
Ny _
a=06
A7 8 ) 1.0 1] 12
M

(b) Variation with Mach number.

Figure 21.- Variation with angle of attack and Mach number of the contri-
bution of the wing of the X-3 airplane to the total normal force.

CONFIDENTIAL



NACA RM H56G13 CONFIDENTIAL 183

.

2.4 I
y/b M a,deg 2y/ M a, deg
- 0K62 077 3.5— Flight 01462 077 6.2 Flight
20 398 80 3 —-——-— Wind funnel, ref 4 98 80 6 -———— Wind tunnel, ref 4
. n\ 462 77 5.8—- Flight (preliminary)|
' ' ref |
\
1.6 “‘\
2\
\\\ a = 3° \\ a=6°
P 5 \
oL AN
R
\ \
\ \
\ \
L \»q\
B 4 \ \\:N\\
NS WA N Y
N \\:;Q--\_‘ \'\\ N
G Nk -y -
-4
24
2y76' M a,deg y/b' M a,deg
0462077 8.9 Flight 0862077 119 Flight
20 98 809 -—--—-—Wind tunnel, ref. 4 398 80 12 ———-Wind lunnel, ref. 4
: 62 78 8.8——- Flight (preliminary),
- ref}
1.6 A
\)
\\\\ \
P N \
1.2 < Sy
‘\~\ a=9 \,\ a=12°
X ~J
.8 \‘\\ SN
\\\\\\ \\
~N \\\\ N\
4 S AN
\'\ N — \\
\QE o S
'::;;.~ N\
o) 2 4 .6 8 1.0 O 2 4 .6 .8 1.0
x/c x/c

(a) M =0.77.
Figure 22.- Comparison of flight data to wind-tunnel results of reference k

for the X-3% airplane. Chordwise load distributions for station near the
midsemispan.
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(b) M= 0.92.

Figure 22.- Concluded.
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(a) Wing-panel normal-force coefficient.
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(b) Airplane normal-force coefficient.

Figure 25.- Wing-panel aerodynamic characteristics for the wing of the
X-3 airplane. &p = 7° t 1.5°.
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Figure 25.- Continued.
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Figure 25.- Concluded.

NACA - Langley Field, Va.
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